The effects of phonetic experience on behavioral and neurophysiological processing of English /r/ and /l/ by Koreans and Japanese were compared to speakers of American English. Although English /r/ and /l/ are not phonemic in both Korean and Japanese languages, Koreans have a pseudo phonetic [ɾ]-[ll] model available for perception of English, /r/-/l/ sounds in medial position, while Japanese do not. Speech stimuli were a continuum of synthetic stimuli ranging from perceived /iri/ to perceived /ili/. To date, five subjects in each language group have been tested. As predicted, behavioral results show that English medial /r/ and /l/ were perceived in a categorical manner by Americans, in a categorical-like manner by Koreans and in a non-categorical manner by Japanese. Neural responses tapped by the ACC did not differ significantly between language groups for P1-N1-P2, suggesting little effect of phonetic experience on the encoding of these sounds. In contrast, the T-complex (Tb latency and Ta morphology) differed significantly between groups. The T-complex morphology had double-peaks in the Japanese group. These findings suggest that the T-complex may index the effects of phonetic experience on speech perception.
INTRODUCTION
Native language experience influences the perception of non-native speech sounds. Therefore, second language learners generally have difficulty perceiving speech sounds that are not used in the phonological system of their native language. For instance, the perception of English liquids /r/ and /l/ is difficult for native speakers of Japanese and Korean because /r/ and /l/ are not phonemic in these languages (e.g. Goto, 1971; Miyawaki et al., 1975; KimRenaud, 1974) . Although English /r/ and /l/ are not phonemic in both Korean and Japanese languages, Koreans have a pseudo phonetic [ɾ] - [ll] model available for perception of English /r/-/l/ sounds in medial position, while Japanese do not (Ingram & Park, 1998) . That is, the phonetic status of English /r/-/l/ in medial position is different in these language groups. Native English listeners have full phonetic experience with this contrast, native Korean listeners have an intermediate amount of phonetic experience with these sounds, and native Japanese listeners have little phonetic experience with these sounds. Previous behavioral results showed that English /r/ and /l/ are perceived in a categorical manner by native speakers of English but that native Japanese listeners show non-categorical perception (e.g. Miyawaki et al., 1975; McGovern & Strange, 1977; Mackain et al., 1981) . In addition, other behavioral studies demonstrated that although native speakers of Japanese and Korean do not distinguish English liquids /r/ and /l/ as well as native English speakers, Koreans generally perform better than Japanese in identification and discrimination tasks (Komaki & Choi, 1999; Ingram & Park, 1998; Hazan et al., 2006) , suggesting that Koreans receive a benefit for English /r/-/l/ perception.
However, the results gathered by behavioral measures do not provide information about stages of neural processing underlying perception. A method permitting examination of processing stages leading to perception may improve our understanding the mechanisms underlying speech perception. Therefore, the current study employs electrophysiological measures and more specifically, the acoustic change complex (ACC). ACC is the obligatory cortical response to change within a stimulus (Martin and Boothroyd, 1999) . The ACC at midline-central sites (P1-N1-P2) is dominated by contributions from primary auditory cortex whereas ACC responses at lateral-temporal sites (T-complex) are mainly dominated by the secondary auditory cortex generators (Ponton et al., 2002; TonnquistUhlen et al., 2003) . The purpose of this study was to investigate the impact of phonetic experience on behavioral and neurophysiological processing of English medial /r/ and /l/ by Japanese and Korean speakers compared to native speakers of American English.
METHOD Participants
Participants were adults from three different language groups: five native speakers of American English, five native speakers of Japanese living in the U.S., and five native speakers of Korean living in the U.S. Table 1 shows the information regarding participants from the three language groups. 
Speech Stimuli
A series of 11 vowel-consonant-vowel syllables were generated by changing the third formant frequency in acoustically equal 130 Hz step using HLsyn speech synthesis software. These created a medial liquid syllable series of 11 VCV stimuli. The stimuli consisted of three parts: an initial 300 ms steady-state vowel portion, a 45 ms transition from vowel to consonant, a 210 ms steady-state consonant portion, a second 45 ms transition from consonant to vowel, and a 300 ms steady-state vowel portion, giving a total duration of 900 ms. The 11 speech tokens in the medial liquid syllable series differed from one another only in the F3 (transition and steady-state consonant parts). The transition of F3 was varied in steps of 130 Hz from 1500 Hz for Token 1 (perceived as a realistic /r/ by native English listeners) to 2800 Hz at Token 11 (perceived heard as a realistic /l/ by native English listeners).
Procedure
The experimental design included behavioral and electrophysiological measures with order counterbalanced across the participants and groups. Testing was conducted in a double-walled sound attenuated booth. The stimuli were carefully calibrated and presented binaurally via EAR 3A insert earphones at 70 dB SPL. The procedures were identical for three groups of participants: Americans, Japanese, and Koreans.
Behavioral Measures. A 2-alternative forced choice (AFC) identification was used for the identification test. A 3-interval alternative forced choice oddity test was used to evaluate discrimination.
Electrophysiological Measures. Every other token from the 11-token continuum was used because of time constraints. The five even numbered speech tokens (token 2, 4, 6, 8, & 10) were used. Each of the five stimuli was presented in a block, yielding a total of 5 blocks. For each block, the same stimulus was presented 400 times. Presentation order of the blocks was randomized across stimulus conditions and subjects. The offset-to-onset ISI was 1200 ms. Evoked potentials were recorded using a Neuroscan system and their 64-channel electrode cap, which was placed on a subject's head according to the International 10-20 system (Jasper, 1958) . Electrode impedances were maintained below 5000 Ohms. During the recording, eye movements were monitored with electrodes at the right and left canthi, below and above the left eye and all electrodes were referenced to Cz. The ground was placed halfway between FPz and Fz. The electrical brain responses were be digitized (1000 Hz A/D rate), amplified (gain=1000), and band-pass filtered (0.15 -100 Hz with a roll-off of 6 dB/octave). The recording window was 1024 ms, including a prestimulus period of 100 ms. Data were stored for offline analysis. After recording, the data were processed offline by applying an eyeblink reduction algorithm (Semlitch, Anderer, Schuster, & Presslich, 1986 ), baseline correction (-100 to 924 ms), digital filtering (1 to 30 Hz, 12dB/octave), and artifact rejection (± 100 µV) before averaging. Then the averaged waveforms were re-referenced to an average referenced. Grand mean waveforms were computed for each subject in each condition and group grand mean waveforms were created for each language group and condition.
Data Analysis
Behavioral Data. For identification test, the percentages of /r/ versus /l/ labels were calculated for the eleven speech tokens in individuals and then pooled over subjects in each language group (50% chance level). The boundary location of /r/ and /l/ was the point at which tokens were identified as / r / with 50% accuracy. For discrimination test, percent correct (%) was calculated in individuals and pooled over subjects in each language group (33% chancelevel). The discrimination peak of /r/ and /l/ was the stimulus pair which had the highest correct score.
Electrophysiological Data. The midline-central and lateral-temporal neural responses to /iri/ and /ili/ stimuli were measured at central (FCz) and at lateral (T7 & T8) electrode sites, respectively. Amplitude measures were taken at the point of largest amplitude within the response window developed. Latency measures were obtained at the center of the peak within the window. When a wave was multi-peaked, both amplitude and latency measures were taken at the point of largest amplitude within the response window. When double peaks of equal amplitude were present, amplitude were measured at either peak and latency was obtained at the midpoint of the waveform. A mixed ANOVA as a function of language group and speech token was carried out on the amplitude and latency of each component. Main effects and interactions from the ANOVA was considered significant if p < 0.01. LSD post hoc measures were conducted only when significant main effects or interactions were obtained.
RESULTS

Behavioral Results
Results pooled over the participants from the 2-alternative forced choice identification and the 3-alternative forced choice oddity discrimination tasks are shown in Figure 1 . American participants demonstrated clear categorical perception by consistently dividing the stimuli into two distinct phoneme categories. The boundary between the categories (50% of chance level) fell between token 4 and token 5 and their discrimination peak reaches 81.2% correct. American participants discriminated stimuli drawn from different phoneme categories most accurately whereas they could not reliably distinguish stimuli identified as the same phoneme. The discrimination peak was located at comparison pair 3-6 (and 4-7), which straddles the phoneme boundary as shown from the identification data. Korean participants could identify the stimuli as belonging in two categories but the categorical boundary was not as steep as for the Americans. The boundary between categories fell between token 6 and token 7, which is shifted toward the /l/ category side compared to American participants. Koreans could discriminate stimuli drawn from different categories showing categorical-like perception, but not as well as Americans. Japanese participants did divide to two identification categories, albeit not with a clear, sharp category boundary. Discrimination performance, however, suggested non-categorical perception for Japanese. That is, behavioral results showed that English medial /r/ and /l/ are perceived in a categorical manner by native English, a categorical-like manner by native Koreans, but in a non-categorical manner by native Japanese speakers. 
Electrophysiological Results
The Acoustic Change Complex (ACC) at midline-central site (P1-N1-P2)
The grand mean averages of the ERP to five different speech tokens at the midline-central site (FCz) are shown for each language group in the upper graphs of figure 2. Since the acoustic change (F3) existed at 300 ms within each stimulus, either perceived as /iri/ or /ili/, the resulting ACC (N1-P2) was elicited between approximately 400 ms and 500 ms after the change onset. The ACC responses were evoked for all three language groups. Mixed ANOVAs with group (American, Korean, & Japanese) as the between-subject factor and token (token 2, 4, 6, 8, & 10) as the within-subject factors were separately carried out on amplitude and latency of each component (N1, P2, & N1-P2). There were no significant main effects of group and token and no interaction effects of token by group. 
The Acoustic Change Complex (ACC) at lateral-temporal electrode sites (T-Complex)
The grand mean averages of the ERP to five different speech tokens at the lateral-temporal site (T7/T8) are shown for each language group in the middle graphs of figure 2 for T7 and in the lower of figure 2 for T8. The Tcomplex (Ta-Tb) was elicited between 380 ms and 500 ms after the onset of /r/ or /l/. For the left temporal site T7, the T-complex responses were evoked for all three language groups. Mixed ANOVAs with group (American, Korean & Japanese) as the between-subject factor and token (token 2, 4, 6, 8, & 10) as the within-subject factors were separately carried out on amplitude and latency of each component (Ta, Tb, & Ta-Tb) . There were no significant main effects of group and token and no interaction effects of token by group.
For the right temporal site T8, the T-complex responses were evoked between these latency ranges for all three language groups. There were main effects of language group [F(2,12) Of note, two distinct peaks of Ta were elicited only in Japanese group at the lateral temporal site T8 (see the plot for Japanese' T8 responses in figure 2). Individual subjects consistently showed this double peaking morphology (Ta1 and Ta2). Paired samples t-test confirmed that these peaks were siginficantly different in latency (p<0.000).
DISCUSSION
The present study investigated how phonetic experience influences perception of English medial /r/ and /l/ in Japanese and Korean second language learners compared to native English speakers. Results reported here are preliminary based on 5 subjects per group and we plan to continue to collect data from a larger sample. Results replicated previous studies showing categorical perception of English medial /r/ and /l/ by native English speakers and non-categorical perception by Japanese second language learners (Miyawaki et al., 1975; Mackain et al., 1981) .
